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Abstract
Objectives A combination of negatively biased information processing and a reduced ability to experience positive emotions can
persist into remission from major depression (rMDD). Studies have shown that mindfulness-based cognitive therapy (MBCT)
can increase self-reported positive emotions in rMDD participants; similar changes using neuropsychological tasks have not been
shown. In this study, we investigated neuropsychological change in emotional processing following MBCT in rMDD
participants.
Methods Seventy-three rMDD participants, 40 of whom received MBCT and 33 of whom continued with treatment as usual
(TAU), and 42 never depressed participants took part; neither the TAU nor never depressed participants received MBCT. All
were assessed at baseline and immediately following MBCT or after an 8-week gap for those without active intervention.
Participants completed emotion evaluation and face emotion recognition tasks with self-report measures (mood, mindfulness)
at each session.
Results Results showed an MBCT-specific shift in ratings from less negative to more positive emotion evaluations, which
correlated with mindfulness practice and self-report mindfulness change. Both the MBCT and TAU groups showed a small
increase in overall face emotion recognition accuracy compared with no change in never depressed participants.
Conclusions These findings support a specific role for MBCT in encouraging more positive evaluations of life situations in those
with previous depression rather than influencing lower-level processing of emotions. Results should be interpreted cautiously
given that this was a non-randomised, preference choice trial.
Trial Registration NCT02226042
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Positive emotions
The cognitive model underlying depression outlines how the
experience of early adverse events can lead to the internalisation
of negative self-referential thoughts, leading to the development
of “latent schemas” (Beck 2008). Such schemas may then be
reactivated by either internal or external events whereby repeated
reactivation of these schemas over time influences the increased
acquisition and processing of negative information (Beck 1967).
Such negatively biased information processing may start to in-
fluence appraisals and interpretations, thus increasing vulnerabil-
ity to develop or maintain depression (Disner et al. 2011).
Further, even when in remission from depression, self-negative
thinking patterns that have become associated with low mood
when depressedmay becomemore easily activated by internal or
external events (Scher et al. 2005). This reactivation of negative
thinking during remission has been linked with vulnerability to
relapse into depression (Segal et al. 2006).
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Alongside this increase in negatively biased information
processing, people who are currently depressed may encoun-
ter a reduced ability to experience positive emotions
(Pizzagalli et al. 2008). Indeed, studies have shown that peo-
ple experiencing depression may show a blunted response to
positive cues, a lack of a positivity bias, and diminished re-
ward responsiveness (Henriques and Davidson 2000;
McCabe and Gotlib 1995; Pizzagalli et al. 2005). Further, this
reduced ability to experience positive emotions can persist
into remission (Pechtel et al. 2013; Weinberg and Shankman
2017). The combination of negatively biased information pro-
cessing and diminished ability to experience positive emo-
tions may contribute to negative downward spirals of mood
and negative thinking during remission, potentially leading to
relapse into depression (Garland et al. 2010).
Mindfulness-based cognitive therapy (MBCT) was devel-
oped as a relapse-prevention intervention for people in remis-
sion from major depression (rMDD; Segal et al. 2013). The
mindfulness-based practices taught throughout MBCT en-
courage a recognition of and disengagement from negative
thinking patterns, aiming to reduce the negative information
processing biases. Simultaneously, mindfulness-based prac-
tices encourage recognition and acceptance of all experience;
be it pleasant, negative, or neutral. By encouraging an open,
non-judgemental approach towards all emotions and thoughts,
participants of MBCT are taught to take a broader perspective
on their emotional experience. Consistent with this, studies
have shown that MBCT reduces negative information pro-
cessing biases including reducing rumination and increasing
the ability to decentre from negative thought patterns (Hargus
et al. 2010; Michalak et al. 2011; Shahar et al. 2010; Teasdale
et al. 2002; van Aalderen et al. 2012; van Den Hurk et al.
2012). There is also initial evidence that MBCT increases
the experiencing of positive emotions alongside reducing re-
sidual depression symptoms (Garland et al. 2015; Geschwind
et al. 2011). However, to date, the evidence for the effect of
MBCT on modifying emotional processing biases has largely
come from self-report questionnaires, which can be influenced
by participant expectations or hopes for change, and also lack
a realistic, everyday, context which limits interpretation of
their real-life impact and of any changes seen. Non-
questionnaire measures completed within the context of im-
ages of everyday scenarios potentially provide an opportunity
for assessments more relevant to actual experience.
More specifically, neuropsychological investigations of
emotional processing have included studies on face emotion
recognition biases, reflecting early, automatic processing,
which have suggested processing biases towards negative
and away from positive faces in depression (Bourke et al.
2010; Leppänen 2006; Shiroma et al. 2016; Weightman
et al. 2014). This may persist into remission and contribute
to relapse vulnerability, although the evidence is somewhat
conflicting (Anderson et al. 2011; Joormann and Gotlib
2007; LeMoult et al. 2009; Münkler et al. 2015). Further,
considering higher level emotional processing, impairments
across a range of social aspects including social communica-
tion, perception, and increased sensitivity to social rejection
have been reported in depression, with some evidence sug-
gesting that impairments can persist into remission
(Kupferberg et al. 2016; Rhebergen et al. 2010).
Therefore, given the evidence that impairments can persist
into remission and the lack of experimental measures to cap-
ture changes in emotional processing following MBCT, we
selected two tasks to investigate both lower level face emotion
recognition and higher level emotion evaluations across a
range of social or autonomous situations. We aimed to inves-
tigate whether MBCT can modify the identification and expe-
rience of different emotions across a range of situations using
experimental tasks before and after MBCT. To control for
non-specific and practice effects, we included two control
groups: rMDD participants who did not receive MBCT (treat-
ment as usual; TAU) and never depressed participants
(healthy volunteers, HVs). At baseline, we expected both
rMDD groups to show an enhanced bias towards recognising
or evaluating negative emotions and an enhanced bias away
from recognising or evaluating positive emotions on both
tasks, compared to HVs. Following MBCT, we hypothesised
that MBCT participants would show an increased facilitation
towards positive stimuli (i.e. increased positive emotion eval-
uations and recognition of positive faces) and decreased facil-
itation towards negative stimuli (i.e. reduced bias towards
recognising and evaluating negative emotions) compared with
both rMDD control (TAU) and HV groups. Finally, we
hypothesised that changes would correlate with both engage-




Full details on recruitment numbers are listed in Fig. 1. rMDD
(N = 124) and never depressed, healthy volunteers (HVs; N =
46) were screened. rMDD participants were recruited from a
departmental database, posters at local general practice and
community centres, and both rMDD and HV groups were
recruited from posters around the university campus, online
university research announcements, community websites, and
social media. Advertisements for rMDD participants specifi-
cally outlined that participants could take part in MBCT or
join the comparison control group (TAU), according to pref-
erence or practicality. Final numbers included 40 MBCT and
33 TAU (both rMDD) participants, and 42 HVs. Ten TAU
participants were originally recruited to the MBCT condition
(see the “Design” section below). The planned sample size of
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40 participants per group gave 80% power to detect an effect
size of .65 at p = .05. Ethical approval was granted by the NHS
(North West - Preston Research Ethics Committee) and par-
ticipants gave written informed consent in line with the
Declaration of Helsinki (World Medical Association 2001).
Inclusion and Exclusion Criteria Participants had experienced
at least two major depressive (MDD) episodes in the last
5 years and had been in full or partial remission according
to DSM-IV criteria for the last 3 months as assessed with
the Mini International Neuropsychiatric Interview (MINI;
Sheehan et al. 1998) with a cut off score of ≤ 12 on the
MADRS (Montgomery-Åsberg Depression Rating Scale;
Montgomery and Asberg 1979). rMDD participants taking
antidepressants were recruited if there were no recent
(within the last 3 months) or planned future changes (dur-
ing the study) to either dosage or medication. This was
monitored throughout the study to ensure that there were
no additions or changes to pre-existing treatments for those
taking part. All participants were aged 18 to 60, in good
physical health, had normal colour vision, and were suffi-
ciently fluent in English to ensure task understanding.
Groups were closely matched for age, gender, and estimat-
ed IQ (see the “Measures” section below). Participants
were excluded if they had any other current or previous
DSM-IV axis 1 mental health diagnosis (with the excep-
tion of anxiety disorders provided this was secondary to a
diagnosis of remitted major depression), substance abuse
or dependence, or self-reported physical or neurological
disorders; HVs were excluded if they had any current or
previous DSM-IV axis 1 mental health diagnosis (includ-
ing MDD) assessed using the MINI (Sheehan et al. 1998).
Any participants with previous participation in a
mindfulness-based intervention (MBI), a regular mindful-
ness practice, or any ongoing or completion of psychother-
apy in the last 12 months were excluded, and both control
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Fig. 1 CONSORT flowchart for
recruitment of all participants.
Note. DNA= did not attend;
HVs = healthy, never depressed,
volunteers; rMDD = remitted
major depressive disorder;
TAU = treatment as usual; out of
11 participants who dropped out
after three or fewer MBCT
sessions, one did not reply to our
invitation to join the TAU group
and we lost all contact with them;
only 10 continued into TAU.
Although one participant
expressed that their reason for
dropping out was due to MBCT
increasing their anxiety, they did
not meet DSM-IV criteria at that




Mood and estimated IQ measures were completed at screen-
ing. rMDD participants provided a timeline of lifetime MDD
episodes, giving details from their most recent two episodes
(duration, symptoms, severity, and treatments) to ensure both
met DSM-IV criteria for MDD. All participants completed
questionnaires and neuropsychological tasks at baseline and
8 weeks later (either after MBCT or an 8-week gap). The
MADRS and the retrospective measure of amount of mind-
fulness practice were completed at the beginning of sessions,
and all other questionnaires completed at the end of each
session.
Design
This study was a prospective, non-randomised prefer-
ence choice mechanistic design and is registered on
and includes details regarding the planned data analyses
on clinicaltrials.gov (NCT02226042). This study
includes a subset of the planned analyses as proposed
in the study protocol and primary trial outcomes have
been reported elsewhere (Williams 2018; Williams et al.
2020; Williams et al., in preparation). MBCT partici-
pants received the 8-week MBCT treatment free-of-
charge. TAU and HV participants were recruited as con-
trols for change over time, with 8 weeks between base-
line and post-assessments. Control groups did not re-
ceive MBCT but received a small financial reimburse-
ment plus travel expenses. As the study was designed to
study the mechanisms involved in MBCT, participants
who dropped out of MBCT after three or fewer sessions
(i.e. having limited practice with mindfulness) were in-
vited to continue in the study and were analysed with
the TAU group (N = 10; see the “Data Analyses” section
and Fig. 1).
Intervention MBCT was delivered according to the manual
(Segal et al. 2013) and in adherence with the UK Network for
Mindfulness-based Teachers Good Practice Guidelines
(http://www.mindfulnessteachersuk.org.uk/) to a total of five
groups between 2015 and 2017, each with between 7 and 15
participants. MBCT involved weekly 2-h sessions over
8 weeks with an all-day mindfulness retreat day around week
6. Participants were given CDs and online access to audio
practices and invited to practice in-between sessions. All
MBCT groups were delivered by two mindfulness-based
teachers (KW and an external teacher) who have both under-
gone recognised mindfulness teacher training with accredited
organisations belonging to the above network. Both had a
minimum of 7 years of personal mindfulness practice and
continuing engagement with training.
Measures
Mini International Neuropsychiatric Interview (Sheehan et al.
1998) The MINI is a structured experimenter-rated interview
for diagnosis of axis-1 psychiatric disorders of the DSM-IV
and ICD-10 classification systems, with high inter-rater reli-
ability of above .75 for all diagnoses. The MINI was conduct-
ed by the lead author who was trained in its administration.
Montgomery-Åsberg Depression Rating Scale TheMADRS is
a widely used measure of depression severity. It includes 10
experimenter-rated items of depression symptoms on a scale
of 0 (absent/occasional) to 6 (severe/continuous) over the last
week. Internal consistency in this sample was α = .78 at base-
line and α = .87 post-MBCT.
Estimated Verbal IQ: Wechsler Test of Adult Reading
(Psychological Corporation 2001) Participants read aloud 50
commonly misspelled words. The number of correctly pro-
nounced words was converted to a standard score using age,
gender, and education level, to predict verbal IQ, to limit any
potential confounds from IQ between groups with regard to
performance across neuropsychological measures. The scale
has high internal consistency between .87 and .95.
Five Facet Mindfulness Questionnaire (Baer et al. 2006) The
Five Facet Mindfulness Questionnaire (FFMQ) includes 39
items asking participants to rate on a scale of 1 (never or
rarely true) to 5 (very often or always true) how often they
engage in behaviours or thoughts (e.g. “I find myself doing
things without paying attention”). Previous studies have iden-
tified a poor fit of the five-factor model to both community
and clinical samples (Gu et al. 2015; Williams et al. 2014) and
recommend removing “observing”; thus, we have analysed
the FFMQ-4 factor model (31 items) only (reflecting the sub-
scales “describing”, “acting with awareness”, “non-judging of
inner experience”, “nonreactivity to inner experience”).
Internal consistency in this sample was α = .92 at baseline
and α = .92 post-MBCT.
Retrospective Amount of Mindfulness Practice At the start of
each MBCT session, participants completed a questionnaire
about which formal mindfulness practices they had used (e.g.
mindful breathing) and the duration of each that they complet-
ed on each day of the previous week.
Neuropsychological Tasks The neuropsychological tasks were
selected to investigate higher and lower level emotional pro-
cessing based on evidence of a persistence of impairments in
social emotion processing and deficits in face emotion recog-
nition on remission from depression (Anderson et al. 2011;
Elliott et al. 2012; Saris et al. 2017). Test-retest reliability was
calculated for both tasks with results showing moderate to
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excellent reliability between baseline and post-session vari-
ables (see Supplementary Material). Tasks were piloted be-
forehand and were programmed using E-Prime Professional
2 (Psychology Software Tools 2012).
Emotion Evaluation Task (Elliott et al. 2012) This task was
designed to probe a continuum of positive and negative feel-
ings in response to images of social and autonomous situa-
tions depicting success and failure, as well as neutral (non-
emotive) scenarios. There were 16 social (8 positive
(inclusion), 8 negative (exclusion)), 16 autonomous (8
positive (success), 8 negative (failure)), and eight neutral sce-
narios (4 social, 4 autonomous), each including one person
highlighted by a red circle. Using numbers on the keyboard,
participants rated how they would feel if they were the
highlighted person in the scenario from 1 (extremely sad) to
7 (extremely happy). Stimuli were randomly (non-repeating)
presented and the task was self-paced with each subsequent
image appearing on the screen once the participant submitted
their rating. Participants were encouraged to respond with
their first instinct. Figure 2 shows examples of different types
of scenarios.
Face Emotion Recognition Task This task (Anderson et al.
2011) was designed to probe the ability to recognise a range
of facial emotions using standardised morphed faces (Ekman
and Friesen 1976) depicting the six universally recognised
emotions as defined by Ekman (1992): happiness, anger, sad-
ness, surprise, fear, and disgust. A neutral face was included as
a control for affect. Each emotional face was morphed with
neutral to give three different intensities: 30, 50, and 70%.
Morphing allows for either analysis of total intensities
(summed across all three intensities) or investigation of differ-
ent intensities; however, analysing each intensity separately
would limit the power as only four faces per emotion were
displayed at each of the three intensities. Participants were
asked to identify the emotion of each face (anger, disgust, fear,
happy, sad, surprise, neutral) using labelled keys on the key-
board. There were 84 faces in total with 12 per emotion. Each
face was presented individually for 500 ms (modified from a
1-s presentation in Anderson et al. 2011) followed by a fixa-
tion cross of 4500 ms. The task lasted 6 min including three
practice blocks. Figure 3 shows examples of each face and
emotion.
Data Analyses
All data were analysed using SPSS v23. The primary analysis
was a per protocol (PP) analysis given the mechanistic aims of
the study (see the “Design” section). For the emotion evalua-
tion task, the primary outcome was the overall, or composite,
score (mean score across all emotional conditions) with indi-
vidual conditions examined as an exploratory analysis by in-
cluding them as a within-subject factor. For the face emotion
recognition task, we analysed total hit proportions (accuracy)
for each emotion (all three intensities combined with 12 trials
per emotion) and total false alarm proportions (out of 72 re-
maining trials). Composite accuracy and false alarm
Fig. 2 Emotion evaluation task
examples of hypothetical
scenarios. Note. Scenarios depict
the following conditions: social
exclusion, autonomous success,
and neutral social. Of note, in all
our analyses, we have reversed
the direction of the ratings so that
lower ratings represent negative
scores (e.g. 1 = “extremely sad”)
and higher ratings represent
positive scores (e.g.
7 = “extremely happy”)
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proportions for all emotions were also calculated as a general
measure of accuracy in recognising facial emotions. Reaction
times (RTs) were not analysed as participants were not asked
to respond as quickly as possible.
Both tasks were analysed using repeated measures
ANOVAs (rmANOVAs) on change scores (post-baseline)
as our expectation was that the rMDD participants would
differ from HVs at baseline (van Breukelen 2013). Valence
was the within-subject factor (e.g. emotion condition, in-
dividual face emotions) and group as the between-subjects
factor (MBCT, TAU, HV). Corrected statistics (Huynh-
Feldt) were applied when the normality assumption was
violated (written as HF F) with uncorrected degrees of
freedom values given for clarity. Baseline scores were
analysed using rmANOVAs to identify potential group dif-
ference pre-intervention to aid further interpretation of
change scores (post-intervention scores are also provided
in Supplementary Material). For significant rmANOVA
findings, Dunnett’s test was used to compare the MBCT
group with TAU and HV groups, and one-sample t test on
group change scores to identify whether a significant
change over time had occurred.
We conducted three sensitivity analyses: (1) intention-
to-treat (ITT) analyses with the participants in their origi-
nal group assignments, (2) including only unmedicated
MBCT (N = 24) and TAU (N = 22) participants (to exclude
possible medication effects), and (3) in order to control for
potential baseline differences, an analysis of covariance
(ANCOVA) on post-intervention composite scores covar-
ied for pre-intervention scores in rMDD participants alone
in both PP and ITT groupings. Each of the sensitivity anal-
yses is reported briefly in the main text and in full detail in
Supplementary Material.
In all groups, correlations were run between outcomes
showing significant group changes and self-report mindful-
ness change scores (all post-baseline). In the MBCT group
only, correlations were run between outcomes and mean mi-
nutes of mindfulness practice and days of practice per week
during MBCT. Minutes of mindfulness practice data were
non-normally distributed with one outlier (M = 59.3 min); cor-
relations were run with and without this participant with no
changes to the results; thus, correlations in the full sample
were reported.
Results
Groups did not significantly differ on age, gender distribution,
or estimated IQ. rMDD groups did not significantly differ on
baseline mood, self-reported mindfulness, medication status,
previous episodes, age of onset, or months since their last
episode (see Table 1). In both rMDD groups, baseline scores
on the MADRS and FFMQ-4 were significantly different
compared with HVs (F(2,112) = 20.3, p < .001; F(2,112) =
43.3; p < .001 respectively; see Table 1). MBCT attendance
was high with an average of 7.7 (SD = 1.4) sessions attended
(out of nine, including the all-day practice). During MBCT,
the average time participants engaged in daily formal (guided)
practice was 19.1 min (SD = 10.9) over a mean of 4.1 (SD =
1.6) days per week. Post-intervention MADRS scores did not
change significantly within or between groups but there was a
significant difference between groups in the FFMQ-4 score
change (F(2,110) = 8.4, p < .001) with the MBCT group
showing a significant increase compared with both TAU
(p = .02) and HVs (p < .001; see Supplementary Material).
Fig. 3 Face emotion processing
task. Examples of faces
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Emotion Evaluation Task
Baseline Cross-sectional Comparisons
The rmANOVA showed a significant main effect for condi-
tion (HF F(4,448) = 1825.1, p < .001, ƞp2 = .94) and a trend
towards a main effect for group (F(2,112) = 2.7, p = .07,
ƞp2 = .05), but a non-significant condition by group interac-
tion (HF F(8,448) = .78, p = .57, ƞp2 = .01). Both positive and
neutral scenarios were rated more positively than negative
scenarios. rMDD groups tended to rate scenarios more nega-
tively than HVs (Dunnett’s test MBCT vs. HV p = .06;
Table 2).
Change Scores
The rmANOVA showed a significant main effect for group
(F(2,112) = 3.2, p = .04, ƞp2 = .06), but not for condition (HF
F(4,448) = .35, p = .82, ƞp2 = .003) or a condition by group
interaction (HF F(8,448) = .80, p = .58, ƞp2 = .01). The
MBCT group showed greater positive change in overall com-
posite ratings than both TAU and HVs; post hoc comparisons
(Dunnett’s test) showed a significant difference between
MBCT and TAU, with trend differences between MBCT
and HV (MBCT vs. TAU p = .045 and MBCT vs. HV
p = .07 respectively; Fig. 4a; Table 2). Only the MBCT group
showed a significant change over time in a one-sample t test
(MBCT p = .009, TAU p = .90, HV p = .68). The MBCT
group showed consistent numerical increases in ratings in
each condition, with the greatest magnitude in social inclusion
and exclusion conditions (Fig. 4b). Sensitivity analyses on the
ITT population and those not taking medication showed the
same overall pattern of results although the group effect was
not statistically significant in the latter (see Supplementary
Material). The ANCOVA on rMDD participants alone
showed that the MBCT group had significantly more positive
post-intervention scores than TAU in both the PP and ITT
analyses covaried for pre-intervention values (see
Supplementary Material).
Face Emotion Recognition
Due to scheduling difficulties, two MBCT group participants
did not take part in this task.
Baseline Cross-sectional Comparisons
For accuracy and false alarms, the rmANOVAs showed sig-
nificant main effects for emotion (HF F(6,666) = 133.9,
p < .001, ƞp2 = .55; HF F(6,666) = 218.0, p < .001, ƞp2 = .66)
and a non-significant difference between groups (F(2,111) =
1.01, p = .37, ƞp2 = .02; F(2,111) = .69, p = .51, ƞp2 = .01) and
non-significant emotion by group interactions (HF
F(12,666) = 1.11, p = .35, ƞp2 = .02; HF F(12,666) = 1.05,
p = .40, ƞp2 = .02). Happy and neutral were the most, and
anger the least, accurately recognised, with the most false
alarms for neutral and the least for happy (Table 2).
Change Scores
For accuracy and false alarms, both rmANOVAs showed sig-
nificant main effects for group (F(2,110) = 4.4, p = .01,
ƞp2 = .07; F(2,110) = 3.3, p = .04, ƞp2 = .06, respectively),
but non-significant main effects for emotion (HF
Table 1 Demographics
MBCT TAU HV
N = 40 N = 33 N = 42
Age 37.6 (11.4) 33.4 (10.9) 33.3 (10.1)
Gender (% female) 70 73 67
Estimated IQ 111.5 (6.1) 110.6 (6.4) 109.6 (6.3)
Baseline mood (MADRS) 4.8*** (4.2) 4.2*** (3.6) .62 (1.0)
Baseline mindfulness (FFMQ-4) 82.5*** (16.6) 84.1*** (17.6) 112.8 (15.2)
Antidepressant medication (%) 40 33 –
Previous number of episodes 6.2 (3.7) 6.6 (3.7) –
Age of onset 20.2 (11.5) 17.3 (6.6) –
Months since last MDD episode 12.9 (11.1) 11.8 (10.3) –
Means and standard deviations (in parentheses) are displayed; statistics: one-way ANOVAs or Chi squared;
“–” = not applicable
HV healthy, never depressed, volunteers; MADRS Montgomery-Åsberg Depression Rating Scale; MDD major
depressive disorder
***p < .001 vs. HVs. rMDD groups did not significantly differ on IQ (p = .58), theMADRS (p = .57), the FFMQ-
4 (p = .70), previous number of episodes (p = .69), age of onset (p = .20), months since last MDD episode
(p = .65), or for antidepressant medication (p = .63)
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F(6,660) = .91, p = .49, ƞp2 = .01; HF F(6,660) = 1.26,
p = .28, ƞp2 = .01), and non-significant group by emotion in-
teractions (HF F(12,660) = .81, p = .64, ƞp2 = .01; HF
F(12,660) = .99, p = .44, ƞp2 = .02). Both rMDD groups
showed positive change scores for overall accuracy (general
emotion recognition), with only MBCT significantly different
from HVs (Dunnett’s test p = .01 but not TAU (Fig. 5)); both
MBCT and TAU groups increased significantly over time
(p = .002 and p = .01 respectively, one-sample t test). For false
alarms, both rMDD groups showed negative changes scores
for overall false alarms (reduction post-session); post hoc
comparisons (Dunnett’s test) showed a significant difference
between MBCT and HVs (p = .04) but not TAU (Fig. 5;
Table 2); both MBCT and TAU groups decreased significant-
ly over time (p = .007 and p = .01 respectively, one-sample t
test). Sensitivity analyses showed the same pattern of results
but the findings were weakened when restricted to the non-
medicated participants. The ANCOVA on the composite ac-
curacy and false-alarm scores showed non-significant differ-
ences between the two rMDD groups (see Supplementary
Material).
Correlations Between Composite Change Scores and
Mindfulness
In all groups taken together, there was a significant positive
correlation between the emotion evaluation task composite
change score (i.e. mean score across all emotion conditions)
and self-report mindfulness (FFMQ-4) change scores
(Pearson r = .28, p = .003, R2 = 7.8%), indicating that the
Table 2 Emotion evaluation and face emotion recognition task baseline and change scores
MBCT TAU HV
Baseline Change Baseline Change Baseline Change
Emotion evaluation N = 40 N = 33 N = 42
Composite task rating 4.1 (.22) .12^ (.28) 4.1 (.28) − .005 (.20) 4.2 (.25) .01 (.21)
Social positive 5.8 (.51) .16 (.54) 5.8 (.50) .02 (.44) 5.9 (.53) − .02 (.28)
Social negative 2.3 (.68) .19 (.43) 2.2 (.82) − .01 (.65) 2.3 (.49) .06 (.49)
Autonomous positive 6.4 (.48) .05 (.43) 6.4 (.49) .08 (.35) 6.6 (.41) − .07 (.24)
Autonomous negative 2.0 (.52) .08 (.59) 2.0 (.51) − .07 (.45) 2.2 (.49) .05 (.42)
Neutral 4.2 (.39) .13 (.45) 4.3 (.41) − .05 (.44) 4.2 (.31) .05 (.29)
Face emotion recognition
Accuracy (hit proportions) N = 38 N = 33 N = 42
Composite emotion recognition .61 (.09) .04** (.07) .61 (.07) .03 (.07) .63 (.09) − .0003 (.05)
Anger .32 (.18) .06 (.16) .34 (.16) .04 (.14) .33 (.20) .01 (.15)
Disgust .59 (.16) .06 (.18) .59 (.17) .07 (.16) .62 (.16) − .01 (.12)
Fear .53 (.22) .05 (.18) .51 (.19) .005 (.16) .52 (.19) − .008 (.16)
Happy .75 (.13) .08 (.14) .81 (.16) .02 (.11) .84 (.12) .02 (.09)
Sad .60 (.17) .02 (.19) .52 (.20) .04 (.19) .57 (.18) − .03 (.20)
Surprise .70 (.15) .02 (.15) .66 (.17) .02 (.18) .68 (.17) .008 (.14)
Neutral .80 (.20) − .002 (.15) .85 (.14) .02 (.11) .88 (.12) .01 (.15)
False alarms
Composite false alarms .063 (.01) − .006* (.01) .064 (.01) − .005 (.01) .061 (.01) − .0001 (.01)
Anger .047 (.04) − .011 (.04) .043 (.04) − .010 (.03) .039 (.03) − .003 (.03)
Disgust .036 (.03) .001 (.02) .043 (.03) .002 (.02) .036 (.03) − .006 (.03)
Fear .052 (.04) − .011 (.04) .052 (.04) − .014 (.04) .040 (.03) .004 (.03)
Happy .003 (.009) .002 (.01) .003 (.006) .002 (.01) .008 (.03) .005 (.02)
Sad .055 (.05) − .001 (.04) .035 (.03) − .0001 (.03) .040 (.04) − .0001 (.04)
Surprise .060 (.03) − .005 (.03) .063 (.04) .005 (.03) .061 (.04) − .005 (.04)
Neutral .184 (.08) − .001 (.08) .210 (.07) − .020 (.06) .199 (.08) .003 (.05)
Values are means (SDs); caret and asterisks represent Dunnett’s test comparisons between MBCT group and control groups following significant
ANOVA
HV healthy, never depressed, volunteers
^ p < .05 vs. TAU; **p < .01, *p < .05 vs. HVs
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larger the increase in self-report mindfulness, the greater the
positive change in overall emotion evaluation. In the groups
considered separately, there was a significant positive corre-
lation between the emotion evaluation task composite change
score and self-report mindfulness (FFMQ-4) change score in
the MBCT group (Pearson r = .41, p = .01, R2 = 16.81%) but
no significant correlation in the TAU or HV groups, indicating
that the positive relationship between self-report mindfulness
and overall emotion evaluation change may be linked to
changes following MBCT. Overall face emotion recognition
change (accuracy or false alarms) did not correlate with self-
report mindfulness change overall or in any group.
In the MBCT group, there was a significant positive corre-
lation between the emotion evaluation task composite change
and minutes of mindfulness practice during MBCT (Pearson
r = .47, p = .002, R2 = 22.1%) and mean days practiced during
MBCT (Pearson r = .39, p = .01, R2 = 15.2%), suggesting that
the more time spent practicing mindfulness, the greater the
positive change in overall emotion evaluation. There were
no correlations between overall face emotion recognition
change and either of the mindfulness practice measures.
Discussion
In this study, we investigated change in emotional processing
following MBCT in rMDD participants. In line with our hy-
pothesis, we found significant positive changes on the emo-
tion evaluation task following MBCT only, suggesting a shift
from less negative to more positive emotion evaluations
across a range of life situations. This change in the MBCT
group correlated with engagement with mindfulness practice,
as well as with changes in self-report mindfulness, strongly
supporting that such shifts in emotion processing are specifi-
cally related to mindfulness practice. Our hypothesis was not
supported with regard to face emotion recognition with no
evidence that MBCT resulted in a differential effect on posi-
tive and negative emotion recognition accuracy, although it is
important to take into account in this context that contrary to
our expectations, there were no significant baseline differ-
ences between clinical and non-clinical groups in this task.
There was an overall increase in emotion recognition accuracy
compared with HVs in the MBCT group, but this was small
and also occurred in the TAU group, making its interpretation
unclear and unlikely to relate to MBCT.
Specific Effects of MBCT
Our key finding is that on the emotion evaluation task, rMDD
participants shifted from less negative to more positive emo-
tion evaluations followingMBCT. Therefore, after 8 weeks of
MBCT, participants shifted their expectation of how happy
they would feel in a range of everyday scenarios. This finding
seemed to be mostly driven by the social (both inclusion and
exclusion) and neutral scenarios, but the lack of statistical
significance between emotion conditions means that this
needs to be specifically tested in further research. In support
of this being a specific effect of MBCT, those who dedicated
more time to practicing mindfulness in between sessions
showed greater positive changes with practice duration
b
a
Fig. 4 aOverall emotion evaluation task change by group. Note. TAU=
treatment as usual; HV = healthy, never depressed, volunteers; ^p < .05
vs. TAU. b Change scores for each condition by group (for illustration).
Note. TAU = treatment as usual; HV = healthy, never depressed,
volunteers; Auto = autonomous
Fig. 5 Overall face emotion recognition. Note. Accuracy and false alarm
change scores by group; TAU = treatment as usual; HV = healthy, never
depressed, volunteers; *p < .05 vs. HVs
631Mindfulness (2021) 12:623–635
explaining approximately 22% of the variance. MBCT train-
ing encourages “turning towards” all experience—pleasant,
unpleasant, or neutral; thus, increases towards positive emo-
tions across all scenarios could be a product of a more open
and accepting stance towards experience developed through
continued mindfulness practice during MBCT.
Our finding of a shift from less negative to more positive
emotion evaluations in rMDD participants undergoing MBCT
adds to the evidence from self-report studies of increases in
positive emotions followingMBCT. For example, other studies
have reported increased self-report appraisals of positive emo-
tions or prosocial feelings following MBCT in rMDD partici-
pants, compared with control participants (Batink et al. 2013;
Collip et al. 2013; Garland et al. 2015; Geschwind et al. 2011).
Further studies have reported similar increases in positive affect
across different MBIs in clinical populations. For example,
Garland et al. (2017) reported increases in positive affect in a
sample of participants with social anxiety disorder (SAD) un-
dergoing MBSR, compared with those undergoing CBT.
Further, in an uncontrolled study, Strege et al. (2018) reported
that increases in positive affect predicted social anxiety symp-
tom reduction in participants undergoing MBCT. Our finding
adds evidence for shifts towards positive emotion evaluations
in experimental, contextualised scenarios.
Other studies have shown that mindfulness training im-
proves positivity ratings of life events, promotes social behav-
iour, and reduces social phobia and loneliness (Beauchemin
et al. 2008; Creswell et al. 2012; Nezlek et al. 2016; Piet et al.
2010). Increasing positive emotions in social scenarios may be
particularly relevant for individuals either in remission or cur-
rently depressed who may be increasingly isolating or with-
drawing from social situations (Cruwys et al. 2014). Given
that the inability to experience pleasure is a core symptom of
the experience of and a diagnosis of major depression
(Pizzagalli et al. 2008) and persists to some degree into remis-
sion (Pechtel et al. 2013), our finding suggests that MBCT
may be modifying an important vulnerability which contrib-
utes to the maintenance of depression.
Non-specific Effects of MBCT
However, on the face emotion recognition task, we identified
changes in both of the MBCT and TAU groups, but not in the
HVs, although this was not related to specific emotions. This is
similar to findings by De Raedt et al. (2012), who found re-
duced inhibition towards positive faces following MBCT and
TAU, and might point towards a non-specific effect of MBCT
on face emotion recognition. This result is unlikely to be due to
task familiarity, practice, or chance as there were no changes
over time in HVs. The wider evidence base for whether face
emotion recognition deficits seen in major depression persist
into remission is unclear (Anderson et al. 2011; Bouhuys et al.
1999; Joorman & Gotlib, 2007) and our rMDD sample, which
had depression scores within a mild to normal range, did not
significantly differ from HVs on the face emotion recognition
task at baseline. While the changes in face recognition we ob-
served could point towards a general trend towards improve-
ments in the processing of facial stimuli, the lack of a baseline
deficit makes interpretation of this small change unclear.
Implications
Our study suggests that MBCT encourages a shift towards
more positive emotion evaluations across a range of sce-
narios in previously depressed participants. Importantly,
our study was able to show this using a more experimental
measure giving complementary evidence to that obtained
from self-report questionnaires which have intrinsic limi-
tations, for example, response-demand expectation. This is
consistent with mindfulness practices leading to more
“eudaimonic” processing (Garland et al. 2015), i.e. taking
a more positive approach to life in general, encompassing
positive, negative, and neutral aspects of our experience
(Ryan and Deci 2000). Given that a reduced ability to ex-
perience pleasure is one of two core symptoms in the di-
agnosis of major depression and that a blunted reward re-
sponse may persist into remission (Pechtel et al. 2013), our
study suggests an important mechanism by which MBCT
affects emotional processing for people in remission from
depression, and is potentially involved in protecting
against depressive relapse.
Our finding provides experimental support consistent with
the broad aim of MBCT to encourage a more open, less
judgemental, broadening of awareness to embrace all emo-
tional experience, and suggests that mindfulness training can
indeed help to encourage a move towards embracing more
positive aspects of experience. This could contribute to coun-
tering negative biases that make people vulnerable to relapse
into depression.
Limitations and Future Research
Our study was relatively small, with under-recruitment to the
TAU group, and was only powered to detect a moderate-to-
large effect so smaller group differences may have been missed,
especially those related to specific emotional conditions. Another
important limitation of our study is that the rMDD groups were
not randomised and participants chose whether they wanted to
participate in MBCT or TAU. In spite of the finding being sup-
ported by the sensitivity analysis using ANCOVA to control for
any baseline differences, we cannot exclude changes in the
MBCT group being attributable to underlying expectations of
improvement, motivation, or belief in MBCT. Further, potential
bias was also induced by including early MBCT dropouts in the
TAU group but sensitivity analyses argue strongly against this,
with the ITT population showing the same results including in
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the ANCOVA of rMDD participants. We cannot comment on
the internal reliability of our tasks which is not straightforward to
analyse or interpret given that individual task conditions may
measure different aspects or constructs. The ICC results do how-
ever provide some reassurance around task test-retest reliability
which has been argued to be more important in determining test
stability and utility than internal reliability (McCrae et al. 2011).
Further, the positive correlations we found between chang-
es in emotion evaluation, MBCT practice, and self-report rat-
ings we believe argue against our finding being due to these
potential confounds and support the changes we found being
related mechanistically to MBCT. Although the magnitude of
the positive change was relatively small, it is consistent with
the difference found between depressed participants and
healthy volunteers in a preliminary study (Lythe 2006). This
might be explained by the task being of a non-personalised
and non-interactive nature although we would argue that it
allows for standardised application. Finally, although we did
not find a significant improvement in mood followingMBCT,
as measured by the MADRS, it is possible that our findings
reflect a more subtle background change in positive and neg-
ative emotions outside of the experimental situation, and this
could be incorporated into future research. Our results should
be reproduced in larger, randomised controlled trials and ex-
tended to investigate the relationship between changes in emo-
tional processing and clinical outcomes such as depressive
relapse. Further development of experimental paradigms
could consider a more self-referential approach to make the
context more individualised for participants.
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